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5 EXTRACELLULAR SEGMEtoS 'OF HUMAN c IMMDNOGLOBULIN 
ANCHORING PjE^PfoiSS ANlD ANTIBODIES SPECIFIC 
THEfiaiafpR ; 

Backgronnd of the biTentloii 

The immediate-tyiM'b^peiseiisiUvities, such as extrinsic asthma, hqr 

■ •* ' 

10 fever, and alleigic resi^ns^s to ^ceJrtam foods or drugs, are mediated 
primarily by one iso^e of the immuiioglolulins,' i&u IgE- In an IgEr 
mediated allergic response, the allergen bmds to the IgE which is boimd to 
receptors on the surface of mast cells and basophilic leukocytes (basophils). 
The binding of the allergen c^l^ ctossUnking of the surface IgE molecules . 

15 and hence the under^dng'ieteptors for the Fc portion of IgE (FccR), 

thereby triggering the release ot pharmacologic mediators such as hi sta mine , 

■ . ... . — - ■ • 

the slow-reacting substance of anaphylaxis (SRA), and serotonin. The 

..... i' 

release of these mast cell aSi basophil products causes the pathological 
reactions and symptoiis of allergy. 

20 IgE is secreted by a partlculkr dass of B cells, viiich also aqjress IgE 

on their surface. In individual sensitized to specific allergens, the allergen- 
specific IgE is cbniinnously prbducecl'by tfese B cells. Nevertheless, 
individuals who feave no'secretici IgE in their systems (and no IgE producing 
B cells) appear to live iionnaBy, Indicating that 1^ is not essential in the 

25 immune response. Igp ma;^,1h in fighting infection by 

parasites. 
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It seems, therefore, that reducing seaeted IgE by suppressing or 
depleting IgE producing B cells would be a viable, therapy for allergy. 
Monoclonal antibodies (and derivative and related products) which bind * 
spedficalty to the IgE producing B cells could be used in such a suppression 

5 or elimination process. The immune lystem's regulatory, qrtolytic or 
cytotoxic medianisms can be used to soppress or destroy cells y/tuA are 
bound by monoclonal antibodies, or by the derivative or related products. 

IgE binds to the FceR receptors on the surface of basophils and mast 
cells very strongly, with an association constant, Ka, of about 1 x 10" 

10 liter/mole. Even though IgE is not synthesized by basophils and mast cells, 
the very strong and stable association of IgE with FceR means that IgE is 
virtually always present and exposed on the surface of tbese cells. Thus, an 
immunotherapeutic agent targeting the IgiE on B cells must not react with 
the IgE on basophils and mast cells, in order to avoid aoss-linking this IgE 

15 and the underiying FceR and thereby triggering an allergic reartion. 

Summary of the Invention 

Immunoglobulins consist of two peptide chains, a heavy diain and a 
Ught chain. In IgE, the heavy chain is designated as the e chain. Membrane 
anchoring peptides extend from the C termmns of the heavy chains of the 
20 immunoglobulins and affix the associated immunoglobulin to the cell , 
membrane surface. Tbese membrane anchoring peptides canbe divided into 
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three segments in terms of locations in relation to the plasma membrane. 
The middle segments have 25 hydrophobic W impharged amino add 
residues, suggesting that tbsy w in the membrane lipid bilayer. The 
C-terminal hydrophflic segmeitts have S-^aicito add residues, suggesting 
5 that they are intracellular. The segments toward the N-tcrmini contain 
about 13 to 67 amino add residues, amd arc highly addic and Iqrdrophilic. 
suggesting that th^ are on the cxtracelhilar surfece of the plasma 
membrane. 

The extracellular segments.of these peptides are unique for different 
10 isotypes. Therefore, the extraceflular sclent of the. e diain membrane 
anchoring peptide forms, in whole or in part, an epitope unique to the B 
cells which produce IgE, However, this membrane-bound inmnmoglobulin 
isotype specific (Vzigts") cxtrac;?lhilar epitope is not present on secreted, 
sohible IgE (or on IgE bound to the FccR) because only the IgE which is 
15 bound to the surface of B cells contains the membrane anchoring peptide as 
part of its heavy chain. The antibodies and other immunotherapcutic 
agents of the invention bind to the mips epitopes on the surface of IgE- 
bearing B cells. These B celk can then be eliminated or controlled by a 
number of immune medianisms. These antibodies and other 
20 inmiunotherapeutic agents can be used in or extracorporeal aflergy 

therapy, and in diagnosis, as desciibediurther below. 

One advantage in therapy of these antibodies and related 
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inum^otherapeutic agents <«rer those that bind epitopes 

both bound and seaeted form..is that the latter ^ fonn. w inmume 

comply of antibodyJga Tbeinnnnnecon,pI^^ 

kidney or other physiological fiinctions. 
5 It has been discovered that because of alteniathremRNA sp 

there are at least three different nucleotide sequences which encode for 
peptidesinthe membraneanchoringregionof humane Aain. Thededuced 
«nino add sequences encoded by these three nucleotide sequences are also 
different, indicating that there are three different isofonns of the human c 

^„ ^ r«id»«, aBd a 15 «.Jno «ia pcpa* «■ 
«™tans. TOs 15 -ntoo^idsegme.. is proposal «b.«tr«dhto»d 

U «ddu«.n Of which « towards teN»n»to«»l«bnnftcpropo«d 
• «,,,,^s.gn»«.I»fomffl.h3*«45>»ino«n^ 

Brief Description of the DMiltois 

1 shows three diff.r«U .dBNA spUctap which ««te tb«. 

JO dffl««.tpropo«diso<bn«ofh««n«h»mh.3»e»»hori.,^^^ 

^dUI). -Mca.es.s«>p<»do»il.ther«dtagftame. The d»n 

black sega^ntat the a«l of the CH4do,hain«P»se«."^t>«™^»' 
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^tfde of humane Cham. ™ ■»» 

»«^"-'^'"'°"'°'"" ;^ „^„«e ana 
Pio 2C shows «» pept.aw»to* n 

.educed anuno aad «,uen ^^^^ 

anchoring 

a^oeddscnencsunupo'o^oto^IIL ^^^^^es 

jldfo.sc^^^.*^'-"'^'*'^'"""'""^' 
Which can be used for scree b , „^ted and membrane- 

"^"^ K. ,rfHEM7tov»io»smi8i'P?P'"^- 

„.U..n»a»sofaup.ica.«.ro^.«er.p«son»«« 
„pU«s.oa»a.*.i^on.hu.an.«»»^0 



20 arei 



wo 91/11456 PCr/US9I/00491 

6 

Kg. 5C shows binding of HEM7 to IgE-secreting cells as detennined 
,^ fluorescence flow:<ytoinetxy. Hg.5B shows bindi^^^ 
to secreted IgE a>ositive control), with binding at equivalent concentrations 
(10 /ig/nd) to SKO-007 cells. Fig. 5A is control without antibody added. 
5 F.g.fiAshowstheconcentration-dependentbindingofHEM7toI«E. 

secreting SKO007 cells at various concentrations. 

Fig. 6B shows the specific inhibition of HEM7 binding to SKCWK)? 
cellsbym/5£..e peptide. •HEM7 and m«fr.e peptide; O.HEM7 and m(gir- 
V peptide; TES-19 and nugis-e peptide. Values shown represent the 
10 means of three separate determinations. 

Fig. 7 Western immunoblotting analysis of membrane-bound IgE 

with HEM7. -me relative migration of the M.W. markers is showti on the 
left, and ti.e positions of membrane bound c and secreted e on the right 
A serum IgE probed by polyclonal anti-e; L serum IgE probed by HEM7; 
15 £. plasma membranes of SKO-007 ceUs probed by polyclonal anti-e; d, 
plasma membranes of SKO-007 cells probed by HEM7; plasma 
membranes of SKO-OO? cells probed by HEM7 in the presence otmigis-e 
peptide at 100 Mg/nil. 

Detailed Description ofthe Preferred Embodiments andHieir Manner «id 
20 Process of Making and Using 

Membrane-bound immunoglobulins on B cells differ from the 



ftURRTlTUTE SHEET 
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seaetoiy» soluble inununogjobulins ssriithesized by the same B cells in that 
the former have an extra peptidic piece that anchors them onto the B cell 
sur&ce. The membrane*bou^ inununo^obulins on B cells from different 
spedes, for which amino addseqiiences h^ve been determined, have extra 
5 isotype-specific regiofjols that a^chdr th6 inipnmoglobulins to the membrane. 
These peptidic re^ons ha^ k^igths ra:^^ 

can be divided into three s^nents. There is a middle segment of 25 
hydrophobic and tmcharged agjino adds, ^ch is believed to be located in 
the cytoplasmic membrane tb^ilayer. There is a Otcrminal hydrophilic 
10 segment of 3-28 amino acid n^^dues, whki is believed to be located on the . 
cytoplasmic side of the in^brane. There is a segment toward the 
N-terminus of about 13 to 67 amino add residues, which is highly addic and 
hydrophilic and proposed to lie on the extracellular surface of the plasma 
membrane. 

15 Tbe length and the Iqndrophilic and highly diarged nature of the 

extracellular segment indicate that this segment is e3q>osed and accessible to 
antibodies. Hie antigenic elopes looitfed on the extracellular segment of 
the membrane-bound region $f immunoglobulin heavy diains are 

V** • ■ ; ■ : 

■T ^ ■ * ' 

designated herein as the »i§£j epitopes. The m«& epitopes allow for 
20 developing several , typjes of monoclonal , or polydonal antibody-based 
therapies and diagnoses for ^mediated allerpc diseases. 

2. Mpmhrane A p rWnriny PentidftS of B CeU 'MembranC-bQWld 
Itrnnunoplobulins 
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Hie amino add sequences of ten membrane-bound immunoglobulins 
from several spedes have been previously determined. SeeIsfaida,N. etaL, 
EMBO J, 1:1117 (1982); Steen, M. L et aL, J. MoL BioL, 177:19r32 (1984); 
Rogers, J. ct aL. Cell, 26:19-27 (1981); Yamawald-kataoka, Y. et al, Proc 
5 NatL Acad. ScL, MSA, 79:2008-2012 (1982); Kamaromy, M. et al.. Nu& 
Adds Res, 11:6775-6785 (1983); Rogers, J. et aL, CeU, 20-.303-312 (1980); 
Bernstein. K. E, J. InmranoL 132:490495 (1984); Cheng, H. et aL, Nature, 
296:410415 (1982). These sequences indicate certain common features of 
the membrane andioring petides. As shown in Table 1, and as discussed 
10 above, the membrane andioring peptide has tbree segments which are 
distinguishable based upon their locations in relation to the plasma 
membrane. 



Table 1. Key features and properties of membrane andioring pepddes. 



Hvtnber of Anino Acid Residues 



15 



20 



25 



Immunoglobulin !• 
Class/Siibclass 

Mouse IgE2 19 

Rat ZgE 19 

Mouse igG, 18 

Mouse IgGj. 18 

House IgGji, 18 

House IgGj 18 

House ZgH 13 

Human IgH 13 



2. 



25 
25 
25 
25 
25 
25 
25 
.25 



3. 



28 
28 
28 
28 
28 
28 
3 
3 



4. 



72 
72 
71 
71 
71 
71 
41 
41 
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W091/1W56 



10 



15 



Mouse X9D 



Oft Table 1. The nugis pepuaes 01 — 
access&lc by antibodies. 



20 



25 



30 



35 



Mouse igE 
Rat igE 
Mouse igG^ 
Mouse IgGj. 
Mouse IgG2b 
Mouse igGs 
Mouse igM 
Human igM 
Human ig^> 
Mouse igD 



teEVH* AEEEG 7^ 
EGEVH-AEEEG-FEN 
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«r .it.ropii unino add reddnes and polar, 



Proportioii of 
Addic Baac Polar hydrcyWUc hydropMic 
residues residues residues residues 



re^dues 



10 



15 



20 



Mouse IgB 
Rat IgEl 
Mouse IgGi 
Mouse IgG2a 
Mouse IgGjb 
Mouse IgGa 
Mouse IgM 
Human IgM 
Human IgD 
Mouse IgD 



10 
10 
6 
7 
7 
6 
6 
6 
6 
7 



0 

0 

0 

0 

1 

0 

0 

0 

1 

0^ 



2 

2 

4 

2 
1 
4 
2 
1 
8 
9 



12 
12 
10 

9 

9 
10 

8 

7 

15 

163 



63 

63 

56 

50 

50 

56 

61 

54 

56 

63 



Acidic residues: E ^ (^) jjj^ ^^iaUy diaiged. 



25 peptides. 

30 ,Msp»,os..V.*tte.»BKA,r.p-«-'»-«*'^'^ 
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, „dre or plasmids as doning vectors. A 
U.^t,«np>o,l=,i^P^Y'P_.^ ^^^^ : 
. „rf.n.dmefto<Horco=sUuctogU..*NAW.r»y» • _ 

libraryConstricUonSystemKit-uora™" 
by Invittogen (San UJego, 

OTfliBls. Itoker ligation. •g««sd™»8 01 cu». 

TIC, 

, Pio the library can 

u» iicftd As shown in rig. ^ 

bescreenei«ithDNAprbt»A,wtachB.Ul*lo»g 
lon...o..-Mno.=-»----3- 

..a. ...e - — 'JJ^^ 

u«c Probe B is developed by taiang 
distogubU«l by using addiUonal probes. P.obe B 

J f rH4 domain IS truncatea 
^ ^.g.ofa.eprobabl.tacU^..h.cndo£*.CH46an»: 

' . Thft truncation occurs 

inthebun^echain.^tnbranea.chonngp.pUde. mtrun 

f the CH4 domain and the membrane-bound 
when the gene segments of the CH4 domam 

^ Th. loss of the C-termini also occurs v«tb the 

• Vrom the published information on the nucleoude 
20 contain CH4 domains. From the puDuso , U 

l„aonOT..bp.o..be^-».n-^A»-— 
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, „„. less Ukd, . ^UdBg s.». iS dos« u, . 

. . ,,^(24bpy«olhet«niiatione»^^ 

T,espedflcU.««ou.o,probeBisindi»»ai«FI^3A. ProbeB^m 

5 boundfoimof 6 chain gene. 

r V, r HJia 3B^ was based on the finding that the 
The design of probe C CF»g- " 

s.s«en. of <^ ""^ 
„^«nong«..*cunn»nc«>ob*^so«^s.,aenc«l T.er.u 

. s.^.. of p«,«e -"«P°* ""^ 
^„e.b««s.»n»««.«^-'y'-^-'»°"'""~'°'*" 
^ in T.We 4. .h. co.«>s- 

combinations was used as probe C 



SUBSTITUTE SHEET 
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Table 4. A conserved region In thg transmembnpe peptide segment of the 
membrane anchortng peptides. ; 

: . ■ ■ • ■■ X.'- .iV. 

-Si 2''-> 2*5 
•ii; Leu* Fbi^' Lev* I^u* S«r* 

S Mouse IgE CTG-TTCrCTC-CTC-AG 

Sat IgE v<a?G-TTb-CTG^CTC-AG 

Mouse loG, CfrC- TTC- GTG- CTC- AG 

SoSlellS - CTC- TTC- CXG- CTC- AG 

SoSle life CTC- TTC- etc- CTC- AG 

in MoSsa licf CTC-.CTC-CTC-CTC-AG 

SoSseIgM ^CTC•TTCS•CTfc•CTG.AG 

SSSanlS ;CTG-*FC-CSPG.CrG-AG 

SSSJnIgD* CTC- Ate- CTC- AC 

Kse IgD* CTC-TTC- CTG- CTC- AC 



IS Consensus 
sequence 



CT -TTC-CT -CT - AG 

c c c 

G G G 



(Probe C) 

•Human and mouse IgDVhavi^ (AOQ In fte Sih amino ^ddresidue; 
human IgD also has He (ATQ ki the 3rd amino aad residue. These are 
20 the variations not cbvVed by ffi^<ionsensos sequence. 

Probe D which represents a Segment ujjstream of the most probable 
spUdng donor site. GT, consists of 36 bp. Tbh probe should react with e 
chain gene of both the seaeted and mJ5mta»4e-l?ound forms. 
25 Table 5 summarizes the pattern of reactivities of clones containing e 
genes of seaeted or memferjane-bound fohjui w«h the four probes. 
Table 5. The reactivity of c gene-oantoining cDNA clones with probes A. B. 



C and D. 



f Secreted T Hfll^"'"''-^"""^ 



30 Probe A + 

Probe B + 
Probe C 



Probe D + 
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H,e libraiy size needed to clone the membrane-bound « d«in depends 
- on how abundant the n^NA is. A^g secreted IgEc^^^ 

the SKCWX)? poly A* RNA. the Hbrary me should be about 5.000 
independent recombinant dones to have a 99% probabiUty to isolate a 

5 positive done. In IgE-produdng immuno<ytoma IR2 «id IR162 cells. 
inRNA for the membrane-bound form of e diaih was found to be more than 
2% of that of the secreted fomL Assuming this ratio of 
n^embrane-bound/secreted forms of c diain holds true for the human 
IgE-produdng SKOOOy. cells, the d>NA Kbrary size needed to isolate the 

10 membxane^ound e diain is about 250.000. In a preferred procedure, a 

larger number of dones (about 1.000.000) are screened. 

An alternative to the conventional approadi of establishing a dDNA 

hT,raiy and screening the dones representing the ceUular miWA spedes u 
to amplify the mRNA to produce high proportions of their corresponding 
15 DNA. -me resulting DNA can then be purified by gd electrophoresis and 
■ then subjected to sequence analysis. The methodology, referred to as 
polymerase dmm reaction (PGR) an^Iification. has been established in the 
past few years and complete systems induding reagents and equipment have 
been commerdalized. One preferred system is provided by Perldn Ehner 
20 atus (Norwalk. CI), and indudes the GencAmp DNA Amplification 

Reagent Kit and the DNA Thermal Qrder. 

Someof thespedficreagentsusedtothisapproad.arethesameasiised 
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«K Mi^tWDfecdls provided by StratageneCUJoUa. 
20 using human lung fibroblast Wl^ cf^l" ^ 
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to. «W. . *U« <J>NA. Tta loctioa of a« ««» «g»«« 

^ . probe prep^cd ftom ft. bom<*.go« »o«e g». of ih. 
.,.^„ne«S.»«(P«*eCorFip.r.3..d™..e4). T^«,a.- 

detennined. 

3A. 1" '"'■''^ llnrtlirMfn.hn.nrft.itliorla. 

^.„„cteotfd.s«p«.c.o£gcoon*DNA»=o.^4ee«odi.« 
,0 .egn«o=fcrft.».eml«ne,..choringp.pddeofh»»B..«.br.oebou„d 

. d«in «s b, scr^Blo* ti» t«m>n genomic Ubr»y » 

described .bo,., 11. «,u»c« of I«,ton» I U m .ho«n 

respecUveV to Fig. 2A. 2B ..d 2<i -ong ..U, ft. d.*.-- .dd 
^„«.ces.*>rpo«ionsof ft.,.»*«n.=«bonngp.p-d. •n...ssignm«.. 

« c*ft.«ons™.mad.l,id.nUf,togft.-=le«i''«'»"P»^''"«'"""' 
,c«p.o«(as.b„™toF*l).ndl,«>o.P-ison«,ft.H.>isb.a'«»>°"- 

«.«hrfln6.bound e chain and of immunoglobulins 
gous sequences of mouse membrane-bouna aum. 

of other dasses. 

For Uofonn I. ft. P'P'i^' "«^«- » 
^ds»codedb,,»«nbr«..«ool»todic,«dbyft.boU^fa»l».to. 

^,nr^2^ ™„r«».«as««hof*»«a5b,dropboHc«..too 

.dds («nd«Un.d inHt wbich.br™ ft. ™«n«ato.«P- 
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«fmf«j peptides (Isofonn I) arc shown below, 
possible structures of wgw pep««« V 



Stroctorel 



10 



structure II 



15 



^ DNA probes to «B>o« S«» "^-^ <" ' ^ 



20 re^on. 



V -un described in International AppUcation 
An alternative approach, also dcscriDea 



..vt:- 'it*'-'' 
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sequenced. 

Another dternative approach described in International Application 
No. PCT/US88/04706 is to saeen the hiunan genomic library. The gene 
segment corresponding to the membrane bound re^on can be determined 
5 with a probe prepared from the bomologons mouse gene of the 
transmembrane segment, and the sequence of this segment is then 
determined. 

In the present invention, the initial mideotide sequencing was 
performed on the cDNA derived from mRNA isolated from human cells 
10 expressing membrane-bound IgE. A commercially available human IgE 
expressing myeloma, SKOOOf? (from the American Type Cultare CoUection 
("ATCCT) Rockville Maryland), was used. 

The DNA segments of cDNA regarded as pertinent to identification 
and characterization of the transmembrane repons of human e diain were 
15 amplified by PGR, as described further below. 

A r^ nc |n , ^.>n nf a Transf g ctn^^a Kxpressinp Chimeric IbE. 
Before proceeding to sequencing of the c chain genome, a cell line 
secreting a hu/mu chimeric IgE and expressing membrane-bound IgE was 
generated to use in determining the reactivities of monoclonal antibodies 
20 with membrane-bound IgE on B cells. For constructing the chimeric e and 
K genes, the constant regions of human t and k genomic DNA and the 
variable regions of genomic DNAs of t^e heavy and Ught chains of a 
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monqdonal antibody. BAT123 (specific for gpl20 of HTLV-IIIB strain of 
HIV-1), were med OTie variable region genes of BATm 
from the fiinctional heavy and 1^. chain loci and used In the construction 
of nmrine/human (y1/k) fusion genes for the production of chimeric 
5 BAT123 (hu yl/it). vSee idtemational Patent AppUcation No. 
PCr/US88/01797. By repladng the haman^T constont region with <be e 
constant region in the heavy chain e5>ressionyector, a ddmeric BAT123 (hu 
e, k) with an antigen bmding region derived from BAT123, was produced 
. in a similar approach. ' - 

10 AX phage done containing the human germ line « constant region was 
identified with a probe represendng a segnient of tiie constant domains 
(CHl-4) of « chain. From this phage, a 6.4-kb DNA segment containing 
domains CHI to CH4 and a 2.5 kb S'-flanking sequence was subdoned into 
pUC19. By analogy to the repoited mouse and rat «-lod information, the 
15 presumed membrane exons were iestimated to he located within the 1 Kb 
^ fragment at the 3'-end of the e gene. The 1 Kb iad fragment was 
subdoned and sequenced to establish the presence of any membrane 

exon-like sequences. 

The 6.4 kb DNA segtatui containing € domains CHI to CH4 and the 
20 membrane exons was liaked to the BAT123 V„ gene lo give the diimeric 
mouse/human e geife. His chimeric < gene, together with the diimeric k 
gene, were co-transfeded into Sp2/0 obUs >y electroporation. The 
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transfected cells were selected by the ggl and j2£Q £ene activities in the 
. presence of mycophenolic add and G41t The procedure was similar to that 
described in International Patent Application No. PCT/US88/01797. 

Stable transformants were established and anatyzed for IgE seaetion r 
5 by ELISA, and for membrane IgB expression (by fluorescence flow 
cytometiy). A clone, S&44 was chosen for fiirther studies. The cumulative 
IgE concentration in the culture siq>ematant of the SE-44 cells at lO^/ml was 
established to be 40 pg/ml. 

To test for Ig expression on the cell surface by fluorescence flow 
10 cytometiy, cells were incubated with anti-human IgE antibody, and 
developed with fluorescein labeled goat (Fab*)2 anti-monse IgG. Cells 
Sp2/0, SKO-007, and chimeric IgE cxpressmg cells were then fixed in 1% 
paraformaldehyde and analyzed on a Coulter EPICS flow cytometer. 
Fluorescence profiles for Sp2/0, SKO-007, and diimeric IgP expressing cells, 
15 respectively, were also run in the absence of primary staining antibody. Cell 
surface staining by anti-human IgE was estimated to be 60% and 50% for 
SE-44 and SKO-007 cells, respectively. 

To further confirm that SE-44 ceUs express both membrane exons 1 
and 2, the 1 kb gad segment was separated into three portions utilizing the 
20 restriction enzyme .Apal- The two 250 bp fiagments containing membrane 
exon 1 and its 5'-flanking region were used as the probe specific for exon 1. 
The 400 bp fiagment.containing exon 2 and the 3'-untransIated re^on was ^ 
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used as the eion 2 probe. Tfese^probes w«|t0 9Sed separately in Northern 
analyses to hybridize witti cytc^l^c RNASs, Both probes yielded similar 
results and Ut up messages of 3,QQ0 and 3^ nucdeoades in length for 
SE44 and SKO007, respectively. The observation that SE44 cells 
5 expressed shorter membrme-IgEm^ges than SKO^ cells was expected. 
Since there is no tennination/pQly?denylatibn (t/pA) signals within the 1 kb 
Sad fragment, the chimeric c gene used the SV4(Merived t/pA signal 
present in the ail gene Construct for expression. The SKCMX)7 membrane 
IgE messages probably represent the normal intact transcripts using the 
10 endogenous €-locus t/pA signal ^ch is located 600 bp (estimation based 
on the size difference of the two ^essages) downstream from the 3'-end of 
the 1 kb5ad fragment Norfliem analysis therefore suggests that both exons 
1 and 2 are transcribed in these c^Us. 

An identical Northern blot^was also hybridized with the c (CHl-4 
15 domains) probe. Transcripts of approximately 2300 nucleotides in length 
were noted for both SE-44 and SKCMK)7, in addition to weak bands 
characteristic for membrane IgB^edfic messages. 

Binding inhibition assays were used ti) demonstrate that the chimeric 
BAT123 (human e,K) bound to g>12p with an affinity constant comparable 
20 to that of BAT123 or chimeric BAT123 Xht|. yl, k). In experiments 
examining the binding of BAT123-HRP conjugate to soBd phase gpl20 in 
competition with BAT123 itself; chimeric bAt123 (hu yl. x), and chimeric 
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BAT123 (hu el, k) the replacement of mouse C yl ln=BA'n23 with hmnan . 

C y1 or human e did not aiffect its antigen-binding affinity significantly. 

B. nnninp and »iiirlftntide s M fi^nanB of cDNA segments encodine 
t ^Tft fransme m ^rane region nf human C imnrnnnglobulin. 

5 In addition to SB44, the ceU line SKO-007, which also expresses 

human e chain on its ceU surface and which is a subclone of U266, was 

obtained from the ATOC U266 was a myeloma ceU line established from 

a blood sample of a myeloma patient 

Total RNA was extracted in guanidininm thiocyanate from 5 x 10' 
10 SKO-OO? or SE-44 cells. The first strand cDNA was synthesized by AMV 

reverse transcriptase (Life Sciences, Inc. Petersburg, FL) according to the 

procedure described by the manufacturer. 

The mRNA was reverse-transcribed using the oligo-dT primer into 

cDNA, which was then used as the template in PGR to amplify the pertinent 
15 segments covering the 3* end of the CH4 exon and the membrane exons. 

Several oUgonudeotide primers, with the foUowing sequences, were used in 

the PGR: 

#1: S'-GAQQAAIKTOSGTGCAGTGGCT 

#2: 5'-GGiiAAII£.CTGGTGGAGCGTGAGTGGCC-3 

20 fcomplementaiy strand was used) 

^ #3: S'S^iMIIEAGATGAGTrCA^^ 

#4: S'^ rnAATrCG ATGCAGAGGCCGGTCCACG-3 

(complementaiy strand was used) 

#5: 5'.AGGGACrGCCGAGAGCAGCA-3' . ^ a 

25 #6: y<TCGGCAGTCCCrGCrGCrGT-3' (complementaiy strand 

Crhe"^wlined sequence is the introduced £coRi: site for use in other 
studies.) 
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Tlie major products derived from PGR were either sutjected to direct 
sequencing or doned into aBluMcript H visctbr. TTie nucleotide sequences 
were determined for sev^ dones derived firai eadi individual band. The 
electrophoretic patterns of the PC^ .products and the sequencing data 

5 indicated unexpectedly the existeiice in both .^KCWO? and SE44 cells of 
RNA spedes other than the one dbrived iratm the splicing of C3I4 domain 
to the previously predicted me,! apd me^ exat^ When primers #1 and #2 
were used, the dominant PGR product was a segment originating from the 
direct RNA spUdng of CH4 domain to m&2, using the predicted donor and 

10 acceptor sites, leaving out the me.1 domain (Kg: 1). When tiiese first-round 
PGR products were used as the template for a second round PGR using 
primers #3 and #4, two major products were observed (Figs. 2A. and 2B): 
one originated from the spUdng of,GH4 domam to me.1 using the predicted 
donor and acceptor sites and the other was from the splicing of C2i4 to a 

15 previously unidentified acceptor site 156 bp 5* of mal (the segment between 
this acceptor site and meJ is referred to as me.p). However, when primers 
#3 and #4 were used on cDNA as the template (first round PGR), the 
dominant product was a segment resulting from the splicing of GH4 domain 
to mcjj (Fig. 2C). 

20 Additional PGR ejqjerimciits using other pairs of primers also 

substantiate the observation of splicing from QIA to me.p. When primers 
#3 and #6 were used, the inajoirproduct revealed the splicing of CH4 
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spUctas of U» «r1i« P«*«d a«or .!» « U« 3. «a of 
^„sH...«.c5-e»aotm.2-«»*>*^ So ^ » o«.« *Hci.g 

^ of -nRNA^. .e . .Wn *H»* 60=. •P"^ 
gene ,ego.«. «» Wdd«, Won. 1 CH4- 

contaijis CH4-me.2\ 

E,p«i»«s also earned ««». iaenU^ »P«^ 
i„ RNA,«p3rado« *o,a SKCH»7 »d SE44 «Bs 1, n*NA/PNA 

i,Mto«o. n.e«.od. -P-^led prob« ««h «^^^ 

^ »d«np.o,.a».No«.en.b^dazadoa»a.,sesbre»n^i.^P-»« 

„,RNAsp«i«coa»i>^'^««P-'»'^»^" AaU«.««epro^ 
^^»h,bndi«»..h*.n«NAt»m^.b«U«n«on*.Nsdo» 

. in SE44 cells were all smaller 

membrane. He . »BNA speaes detected m SE« ce 

ton the cone.ponding species to SKO4)07 «ns. 
^ B.eauseisotonuinB»bst,nti.%=mn««»n.soeonn.orn»^ 

«s resoled 6om isofon. I ».d/« n to the dec.n.ph««ic get the ^ 
p:ohete,.a.ed,«oba«ds.one«i.h.»ione«th»t«.l-(.r«.I)«». 
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On the other hand, biecause ihe^^/ praibe could hybridize with both 
isofonns I and n» which were not reEblvablein^^^^ . 
analysis did not establish the presence of isofo^ I iiiRNA.' In summary, the 
analyses with me/i and me2 probes suggest ^imiicingly the presence of 
5 niRNA's of isoforms n and IIL In addition, the intensity of bands also 
suggest that the amounts' of mRNATis of these isoforms and their relative 
proportions are diff^ent izf SKOOO? and SE44 celU. Hie results widi me.p 
and mei probes indicate the SKO-007 cells have more isoforms I/n 
(combined) than SE44 cells. The results with me.2 probe siiggdft that SKO- 
10 007 cells have comparable amounts Of isoforms I/H and isoform in, while 
SE44 cells have more isoform IH than isof6fms 1/lL 

D. Predicted amino add sequences corresponding to me.p and 

^sfismfiDis / 

Based on the nucleotide sequences of the PCR-amplified segments, the 
15 corresponding amino add sequences for isoforms n and in were deduced 
and compared to that of isoform L The readmg frame of isoform n is the 
same as isoform L The extra 52 a«a. (bold*faced in Fig. 2B) lengthens the 
extracellular segment of the membrane-anchor p^tide to a total of 67 a.a. 
from 15 a^ in isoform I (Fig. 2A). The omission of the me.1 Oength 122 
20 bp, not a multiple of 3) causes the reading frame of ine.2' segment in 
isoform m to be shifted (Fig. 2Q; the peptide coding sequence is 
lengdiened from 81 bp (encodii^ a.a.) to 134 bp (encoding 45 a.a.). 
The corresponding peptide of isoform ID (Fig. 2C) does not contain 
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\ I, nf 25 thought to span the membrane lipid 

the hydrophobic stretch of 25 xDougu ..... 

. -^Hiw«e.2V This suggests that it is secreted. 
bilayer(thesegrnentisencodedby««.2).Ti>« 

andisnotmembrane*ound. 
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-"^^ , . - r n or m. or segments or 

Peptides containbig any of isoforms I. H lu. 

«.« 1ms used as immunogens. 

• ^«riHes can also be used, where tne 

Pollers b.sed on 4. ta-"^'^''" ^ „^ 

eMcpcpUde^^o acid or «t-v.le« 

immunogemc pepuae auuix r^^Tmavbe 

U.epoll«»repe«iH« . . ^ jkot tamu«og«oic 

-»-««,«ric or dimenc form snown w 
in either the monomenc or 

r TT «av be in either the monomenc or dmienc 
peptides based on isoform n may be m e 

nic peptides (designated herein as the peptides of the 
Such immunogemc peptides ^aesg 

i^nuoOcnbesynU. 0, F»«d.«oist.y. 

t-. ♦ «,.nrides or immunoglobuhn heavy cdhu" v 

i„E^ or eukaryoUc «m *e Bcn. «go. 

. • *.rTi..r for exanmle, hepatitis » 
n,„,e .ff.«i»e u, » » "«°'«""^"' 

surface antigen, core antigen, u 
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(KUI). Ifthepeptidicsegment.U^salysineli^^^^ 
is in the middle part of the scff^it fc de^We to add a lysine residue 
at the Otenninal end. Because;|.e N-ter^ already has an «-amfao 
group, the modified synthetic pei^aic^ W 

5 for linking. ' ' 

Multiple molecules of peptides can be coi^ogated to ead, molecule o^ 

the carrier protein. With Km a preferred mol^ «tia for peptide/K^ 
10. The method of conjugation is very weH established. Cross-linkers such 
as glutaraldehyde or bU (sulfesuccinimidyl) subexate or preferably 
10 disulfosucdnimidyltartrate(Catalog«e#215m^^^ 
Rockford, IL) can be used. 

AS tam.no,«.s. tbes. p*id« «. b. to nuke monodo-^l 

.„abodi« which « sp«fflc farth™^ -sins 0^r<^ 
below. Specific «ampl« of maJaog mododot* BUbodies » to «igi. 
:5 epitope of i^n e ^ WowJarf h, priori,, VS. P«eo. 
Application serial No5. 07/53 V87. ««' 
Oillaniiaiy23,1990. 

T„e i«m«ffi.g«dc peptfies of toiroeation can d«. be ,«d to 
tannmize rabblu. goats. raB. or -ice Jo^ ive* another hun«n being) to 
20 prepare po1,do.al ««iboai.s » to Hsi.- eP't'*'- 

Monodonal <u,fflK^ «.« -eac.*^ «i« •' '^ ** 

fi^ screened for p«idve n#c«««i»i?;'*^ ""^ • ^ 
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. ..ntirelv antibodies that react With the synui i~ 

1^ 5ti Immunizing mice tor prep<uu*6 r 

, such «s the lgO-«P»»^'*^' 

cells themselves. Transtecioni«»». 
.e the »yeIo.a c^. 

transfecting mouse myeloma ce 

Ught chains and v,hich express on their ce 

heavy chams and Ught ^ed as immonogens. 

i.« w used to prepare hybndomas secreui* 
canalsobeuseaujp K . ^referred fusion protocol 

.« , r the extraceUular m^-* epitopes. Apreferreo 
specific for the extrace „on-secreting mouse myeloma 

i—« ^^fills of mice with non-secrcuu6 
is to fuse immune spleen cells ot mi 

KT^n or SO2/0 cells, tising polyethylene glycol 
20 cells, such as NS-l or Sp2/0 ceus. ^^^^^ 
^ preferred immunizaUon protocol Ibr prepanng 

*,«,™se50i.goftheconjugateofKlHaml 
antibodies is to inject into each mouse 50 « 
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therccoinbinant or synthetic peptides^ofthe^^^^^^ 
adju^mt TVvo aiui four weeks lat^/the 
subcutaneouslyinincoir,,leteFreiu«rs 

fourth antigen injection is given ii^^ ^ ^« ^ 

5 sacrificed 4 days after the last .N^tion «^ ihe spleens are removed for 
preparing single ceU suspensions for fusion with nqreloma cells. 

A sinular protocol «m be use^ for inmnini«do 
human membrane-bound immunpglobulins (having attached membrane 
. anchoring peptide segments) isplated from the plasma membrane of 
10 immunoglobuhn-bearinghunum myeloma cells^s^^ 

human immunoglobulin-bearing cells are used as the immunogen. IxlO' 

cells are injected intraperitoneally iat two y«ek intervals. 

m fusion procedure with polyethylene .glycol and other various 
procedures concerning cloning and hybridoma^culmring have been well 
15 established.Thepreferredfusionprocedurei,JhcweU-knownonedescn^ 
by Hudson. L. and Hay, F.C (Poetical Inmimiology. 2n4 
313. 1980. Blackwell Publishing Co, Boston). 

' m saeening of hybridomas for, monoclonal antibodies (or the 
identificaUonofpolydc^ant.1,o<«es)reactbewitht^^ 
20 epitopes can be performed with an en^e^linkedin^^^ 

(EUSA) using the syntheticpepUde as the solidphaseantigen. Apreferred 
solid phase antigen i. the conjugate ot a peptide of the invention with a 
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carrier protein different from that med in the inmnmogen^ 

. jerum albumin or ovalbumin. Monoclonal andbodies ^dfic for a 
particular peptide of the invention (corresponding to one of the isofor^^ 
can then be screened for specific bindi«g U> B ceU lines and B cells 
5 expressing ti^t isoform by using imnmnotoescence flow 

analyses. 

,„ fixst obtained «m b. ™.rin»4«i«a, »id tl» miyb. im™nog.m^ 

„ produce fr,gm««s ot human ».dbod.« (V.. V„ Fv. Fd. Fab, or F{ab-« 
.^U«ocousmac.»holetam«..nUbodi«>«ngttchnlque,.taunar»U»^^ 

toprodudugcbta^icandbodl.. ,,^*,=.on.^«a.ea.«-bodiesiu 
^ euUr. coolant po«io,. and .nos, of tt. variaW. region 

buman^ved.and«dy*a««ig-b'"*^-""»'^'*«^"°"°''" 
^ Riecbmann, I- « N»"e 332:323.327 (1988). Fu«h.r. 

one can cr.au sin^e pepMe chain anUbodies ia which tte hea^ and Hgh. 
^F.regions.rea.nnec.ed.S^Hu^on.Ji.-a'-F-NaaAcad.Sc 

M USA85:5879.5883(1983).AlIof*e.hoJ,andp.rUal^,hu.un««ibod,« 

„e..«innnunogenlc*ann«nun.lianc<piv.len«.«.d.heftagmen.s«.d 

^j,e chain ««ibodi.s 
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these types of antibodies are th^efore less likdy to evoke an imn^une or 
.. allergic response. It is noted that an immune response could deplete the 
antibodies which are administered before such amibodies could function to 
suppress the immune response. 

,edu« or elintott the B «ns ^ a«ibody-dep«ident 

.dl„l„ ,ytot<»ddt, (ADCq. eompl»e*«-««*>«^ " 
.„<^c or regulatot, taun»i« n«h»toi- For «n^le. of 
ceruua IgG subdues, »ch « «».os. Ii^^. «.d IgO. I|0, 

,0 mcmt ADOC arri«i ou. I., F. r«»ptt.r-b«r«ng ptago.^c 

,.„ic«^ Ad..«rrton "»>"« 

„«bodi« b«ri.g huinan vl 0. v3 or h»m» IgO. or IgO. 

„u-b„dl« en *. »«1 w d»w,«g»te « ^» B cdls «pr«stag IgE. 
•n,«. a„abodi« Witt no, btoa 40 to «««« form of IgB or to UE bound 
15 tothesui&ceofbasopUlsorlMStcells. 

m mAbs of th. tavenaon «n dtotc ««4 «s «a«e<i»8 

cytotoxic cells. 

m mAbs of the ta«n«on on d.o b. ns«l « ««te' «' 
^.oric dn.g. or f6r ddivering .n .ffecU» s.bs.«.«. b, «.n]nga.ing .be 
20 n-Abstotbesesubstance. A.o*.««ibo*«onj»g«cwmbind.ndair«ay 
kill B cells producing IgE, b«.*<« B «aU producing oflter isot^es. Tb^ 
tnrins «e .ytolyUc or cytotoxic «e«s. indndb^ <5«>««ri« ^^l"^ 
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.. . tricalhecuins. radioactive imcUdei and memb^^ 
phospholipase). 

■ne anUbody and the agent can be conjugated by chemical or by 
5 geneticen^eeringtechniques.mtadn-antilK.dyconju^^ 
alone or in conAination with the free antilxxiies of the invention. 

Tie antibodies of the invention (and the toxin conjugates, fragments, 
and other derivatives) are administered systemically. and preferably 
intravenously. TT,ey can be administered in any phannaceutically acceptable 

10 vehicle. 

Another therapeutic alternative involves active immm^on. wherein 
antibodies specific to ihc migis-. epitopes are endogenously produced in 
vim. •n.eseendogenouslyproducedantibodiesbindthem(5£.- epitopesand 
cause destruction of the associated B cells. Production of such antibodies 
15 canbeinducedeitherbyadministeringanimmunogeniciMgi^peptideofthe 

■ invention, or a paratope-spedfic. anti^diotypic antibody. Anti-idiotype 
antibodies against the paratope of the antibodies of the invention bear the 
intemalimage of them(g£.-e epitopes. These anti-idiotypic antibodies can 
be used to actively immunize against the nuffs-. epitopes and induce the 

20 endogenous formation of antibodies against the mgis-e epitopes. Such 
paratope-spedfic anti-idiotyptic antibodies are administered to apatient in 

- an immunogenic amount suffident to induce the formation of antibodies 
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fragments, Vh, v^, ry, 

(GM-CSF) or mono<5ite<olqny1tn«uUiiB» ,....,ujccto 
„„crophH« 0. cytoKWC T « , ,^Hs»dfic».tibodies 
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. — a Miuie antibo^ having 

«teMletiLU.S.PatentNo.4W80. 

Whfle monodonal anta>odies of the tovenn 

A -th the monodonal antibodies Of the invention. 

„,„rs. such cells indud.»acrophageM«i«»»»^T« 

c ,,H.Bcdlsma,tadicatethedler8ics»*«»t*""*"''"' 
15 oftheBceusmay Th. «iiiie information 

^ Vh used «, dettnninc cdl surface 

^under«»dWons«Ud..Uo««..»ti^«»'>" 

_!.^ for itodins of anlibodir. Tto 

U, a„ «n>ple. The cells «. U»« 
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antibody. ^ ... 

■non^.o^ (or PP-y*-^) -"^ «^ ^-"^ ^"^ 

u •«„ w cells and transfectomas capressing 
007 myeloma cells. I^eanng B cells, ana 

Different IgE^ntatolng Targets. 

4- HJiSA 
Synthetic migw-epepfde f 

Soluble IgE ' inununofluorescencc staining 

SKO-007 myeloma cells + 

5. Egrrimrms with AiOmaO^aisls. . 
^ subst.<- and methods oC the invention are U.ely to be tested on 

,„^3lmodelsystem.T^or|emostr^ 
T,en«,nocIonalanibolispecificf..l^i^ 
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a^Cop b^es..... 

i.»»,,«s of tUs teventioB tan be " " 

are made to determine: 

B ITOIlMf ITTTI^f^ ^^^^ . 

. T»«.ik and IgE, the mouse can serve as an exccllem 
depicting Ig&beanng B cdls and igii, « . 
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model 

add residue peptide is: 
5 Glu-Leu-Asp-Leu<5ln-Asp-Leu-Cys 

<5luijeu<51u<31u " 

UiHljis residues at the C-tenniiim. 

^ peptide »a its KUI »ni„6ate «e used . ».i«c» » imn.u«i« 

« ^i.„ds«.. - "'""IT:: 

^.i^ies^eputified.si^.-.-ofS.p^^co.u^'"'^'^' 
p^ ^u-I^'addidou) « «iU. peptide ,i«>«d to bcine sen^ 
31.^ Kon„.n^»ei.i«»4i.^a«e».sV(i.v.).rin.npert.»e^y 

..e putified "--^ 

, ,pade(»i.>.uu-i.^«-^«»«^''^'^""^':™" 

..Wu. u^ce .re p^fen*. — 

p.p.ideeoujug.te-to'.carrterPtotei.^.h^U,^-"-'''"-'^ 
U.e .re««..s, oBce -so be ct.Ueu.ed infeeUon «... a 

. U-rU.Suapper.C^^^I™-^^*''^^'^^^ 
m ,,„«Uons to b. «idiessed Mud. U« foUowi.*: 
(.) Does the total IgB in ciicutodou dediuet 
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decline? 



but not 



IgM. is known to mediate ADCC 




binding of IgE-beanng ceU types provia 

theanlftodies. .r^onthe surface of mast cells 

.U„sy. T. b. rf£«U.e to therapy, th. »m-boa.« Of 
M^,gE..th«.«>K «n be used u. ««. 

20 horses). Tbe embodies au. . carrier iq enB 

• of toxins or cytotoxic drugs, tot a . 
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targeting agents for cytotoxic celk. 




^ ^^"^ : tnniise l£G2a and human 

Antibodies of cerBun I8Q * 

- ^ T^i--^ can be used to *eaucc or cuu**»- 
IgGl and IgG3. canDe ^ ^ ^ ^ ^^^^^ 

,nediatinganifflmunc£unca , ^rferabW intravaneoudy. as 

iv. wstetnically aaministercd, preferably m 
antibodies can be systetmcauy ..,t«d aUergy in amounts 

,o natients afflicted >«ith ^g^"^^^* 
free antibod.es to paUents ami and consequenUy. to 

, ^S^cienttoeU^tesubstantiaUylg^^^^ 

.^^tantianyelin^te lgB ^ _ on Uning of the 

^ ,„Hhndies can dsQ 

15 extravascular space of these other parts of the body. 

coo««»-ons oe -^'."^^ ^ -so . 

a*.«.spe«B«»^'~'1'«'^"t 

TVmAbs of .. ,_, ^b.»ed 
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J-.. «. less taummosH" 

DesensitizaUonmducesIgGp „,^,e as an aUergy therapy 

™>nfl«) by the 
polydonal antibodiw or j 
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aUergiesshouldbeeidiancedbycpinbliungl^^ 
. augment ADCC activities. sud> as GM-GSF (granuloqrte monoqrte-colo.^ 
stimulation factor) or M-CSF (n«)no«^<ptony stimulation factor), 
c Tmrmmr*'-^"* ^"^rifir fnir lrT^-?rni<"""y f'-^ws. 
5 Antibodies spedfic for a iMsfeepitoi^c^ 

„.ore of the immnnot«dns not^ above. th<^et9 fonn^ 

inununotoxinconjugatev^idisp^eaUytargete 

i^otoxins may be med alone or in comWnatioh with free anti^feis 

antibodies. > . 

10 D. FiTfTTflg"'?"^''^^ Treatrnffflt • 

Wbfle the m^-cspecific maaodonal antlbocfies can be used for ifljdsfl 
therapy they may also be used in extra^^rpor^il-sto^^^^^^ T^elgE 
in the circulation of al^rgic patients tan be removed by an affinity matrix 
■ (antibody immobilized on a solid phase) that is conjugated with the 
15 .^onodonal antibodies of this ih^^ 

from the affinity cflmmx and diter mto the circulation of the patient, the 
„.onodonal antibodies of the lnventi<». are preferable to other antibodies 
that can induce histamine release from l«sop^ and mast cells. 

7. Diagnosticilsss • ^ 

20 AnoU.« us. Ibr of ,*, inwndoa b for d«««tata8 

„>^„ «.d rdaOv. pToport-i of IgE*«*«« lymP'KXf" >» ""^ 
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v^uchbearseaetediinmuiioglobuliiisviasachc^^^ Suchcells 
indude macrophages imdiurtivated t cells, m 

indicate the imniuiie states of the individual. TTie same infonnalion can also 
indicate how muA antibo<fy is luieded to deplete a substantial portion of 

5 cells bearing a particular isotype. ^ere «,me of those B cells are tumorous. 
For this purpose, antibodies can be used in standard assays which are used 
to determine cell surface antigens. In general, the antibodies are contacted 
with a sample of the leukocytes to be tested under conditions whidi allow 
theantibodiestobindisotype-bearingcellshithesample. TTie cells are then 

10 examined for binding of antibody. This can be accomplished by 
conventional ceU staining procedures, for example, a fluorescently labeled 
second anUbody can be used to detect binding of antibody. 
The invention is illustrated farther by the foUowing examples. 

Example L CONFIRMING MONOCLONAL ANTIBODY REACnvnY 
15 WITH J14/G/5-C EPITOPES 

IVo different mAbs to the migb'€ epitopes were prepared. The 
preparation procedures are described below. 
A. pi-f pf ^ring Mo n nrlnr^i Antibodv E46-13-3 

Monoclonal antibodies againstanepitopeunique to membrane^oundlgE 
20 butnotsecretedlgEOsoformDwerepreparedbyastandardprocedurefor 
preparing hybridomas. as described in the Detafled. Description of the 
Invention, mimmunogen for inmniniztagBALB/c mice was the above- 
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' f Cecils, minicev^ereinjectedinlraperit^^^ 

diinerized.wa5i«edasc<»tui|aimg ,,,, SE44 cells and 

Characterized in addidonal assa^ ^th other pepudes and SE^ 

control cell lines. .^Hs resulting from two fusion 

From the several, thousand fusion wells resuinng 
From tne ^ «^«.3 was found to have specificity for 

,0 cxperimcnts.onehybridomacloneE4^13-3wasfo 

the mfe«-e peptide CTable 7). 

T jtyHLE 7. _ piiitl3.3 to Human 



15 



Peptide In EUSA. 



peptide - ovalbunrin 
HIV-1 peptide' -ovalbumin 

;^.« peptide -KUi 
HIV-1 peptide - KLH 

20 KLH 



i707 
0.011 
Z773 . 
0.002 
0.0Q5 



orHTLV-UIB stram of Hlv-1. i^r 
monoclonal antibody. 



moclonal anupooy. 
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. Hn«s control ceUUnes.indudiiig 
. -...cE^cellscoinparedtovanouscoiitr 

Sp2/0.theparent <*lll«^^*° , ,,G and CD23 on the ceU 

. TM 9 cell line, whidi expresses IgG and 

control was the lM-9ceU ^IgA. on its surface. The 

. V nAKKIceUlincvfliictoexpresseslgA^o^ 
^ce.andtheDAKIKl ^^ses ^th FnX>goat-anU- 

3 testswerecarriedcut^thflowc^ ^^^^^^^^^^^ 
„..eIgQt«lnganBPICSsysten.The«s^^^^ 

.o.aear.that^-3s^edS^--^^^ 

i Control Monodonalantibody 

10 cells E46.13-3 ^^^^donal antibody W° 

58.1 (anli-lgE) 3.6 

SE44 - .Tr^ ° 

Sp2/0 85.1(anti-IgG) 

lM-9 , 60.6 

15 lM-9 coated 843 (anti-lgO) 0 

witblgE 0 »•0^'^^■^?^l,«tDidceUline;DAKIKIls 

DAKKl* . i„G-expressing W^^^C** ^tb vrere obtanied 
; iTan^^g^^-Wp^^^^^^^^^ 
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these conditiom more than 90% of the pep^^d<^was^^^ 
. BAlB/cmiceweretheniimnuiiizedsubcu^^ 
with 100 /ig m«&-€.KLH ii^^ F^eund's adjuvant 4 times and then 
intraperitoneallytwic^'^thmitoj^cm 
5 sE44mcmse myeloma cells (wl^ express hu«fan IgE 

Spleen cells were fused with :Sp 2/0 ceDs using polyethylene glycol 
(Carbowax. Fisher). . Supemabmts of growiag hybrids were screened in 
enzyme-linked immunosorbent assay (EUSA) for teactMty to nugis-e 
ovalbumin. PosiUve wells were &en tested for abiUty to bind to ceU surface 
10 igE by hidirect immunofluorescence flow cytometric analyses. 

m HEM7 hybridoma secrefcd an antibody showing specificity in these 
assays and was subdoned by limiting dUution. . Antibodies from culture 
supernatantswerepurifiedbyproteUiACRephgeiO-affiniQrchro^^^ 

m purified mAb HEM7 was Wialyzed for specific binding to the nugis-e 
15 peptide and to mIgE. The mils peptides of the four other heavy chain 
isotypes ago. IgA, IgM. and Ig?) were also synthesued and the reactivity 
of HEM7 with these peptides was examined. .These m«« peptides are at 
least 13 a.a. long and apparentl^l^drophilic. «>ntainmg 6 or 7 acidic amino 
adds. Themi^peptidesshowagreatdegreeofheterogeneity.although 

20 migis-ii and misis-y are the most homologous to migis-e. 

la the EUSA microliter piaffes Gmmrion 2^Dynatech) were coated at 1 
PBS with rnigis.. peptide, and the m«&-M. m/gis-y. migis^ migis-S 
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(EPICS^V. Cdulter Diagnostf^ ; P**!?"^ W"" IW""^ 
„o„„cy«s we« gated b, .Mr Jigb. sa««ring properUe. P««nce of 
.uAcc markers v« confiriM ming n.Ab reagents specfflc to 
5 IgE(HP6029X IgGCHP «>46), Igi^(BP6081), JgWAlI). ««i IgA(2D7) (aU 
Z,me«. andior od»r Uukpcy. mr^ (CD4. CDt4. CP45 

uad CD23) (from Becton-Dickibson). 

tabibiUoB of btodtag of «EM7 .0 SK<H07 ecus b, »«6 peptides ««« 
^ assayed, "n-ese assays were perfbrr^ b, preina.batl=g the mAb 
ao HEM7or-reS.19(30.g/.«.)».b».«i.pep«destorlbo.i=.beforeceBs 

were added to the mixture. 

HEM7 «as able .o bhjd to sfco-(W7 cells (obtained from .he ATCQ as 
sbown to .be flow c^iomiulc profBes in Figs.' SA-Sf. In *is 
i^n„o.b.orcsccnccs.aintogWstogramofSkOWcemusingHEM7,nAb. 

15 h can be seen *a. the fluorescence of SKO^ cdl population 

dufted .0 bigber lcvcls, Mcadng fl.at aU cdU arc rcacUve wiU. HEM7. 
m i^uunofluoresccnce staiuig is couple to .ha.obser«dwi.bTOS. 
19 a mAb specific for buinai igR used as a po4U« control. 

Marfmal bWng of HEM7 .0 SK^WX)7 celU could be achieved .. 10 -30 
a, ,g/^ (r.. 6A). FUr*e,^ore,U« binding Of HEM7 .0 SKCM», ccUs 
„>Ud be nearly completd, i*bi6d b,, m#.. pe^^^ 
. con«n.„don appro^nrat^ly e#mp>^ ^ tbe ,,Ubpdjf present (Fig. 6B). 
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in contrast, the m^-r peptide dd not inl^it HEKO bin^ 
evenatalOOO-foldlughercoa^ntration. Nordidthe^^ 

the binding of TBS-19 mAb to SKOOO? cells. 

HENiywasalsotestedforitsabmiytobindtohnnmcellsbearingPth^^ 

surface A^ong the various hu^ cdllines te«ed. HENH .as able to 
bind to SK0^7 cells and tothexelatedU266cellsthatbe3xmIgE.butnot 

toBcen lines expressingIgM.IgD.IgG.orIg^ 

to any other cells tested, including a T cU line, a x.ono^e-lilce ceU line. 

and peripheral blood mononuclear cells (Table 9). 

TABLE 9. 



15 



20 



25 



SKO-007 (rrydoma eett fine) 
U266B1 {myeloma eett Une) 
ltA'9 (P ly»*P'*obiaa Une) 
RPMI 1788 (B lymphoblast Bne) 
DAKna (B fymphoblast Sne) 
CC3UF-CEM (TfymphebUut 

Une) . 
U-937 {Monocyte^ cell Une) 
Peripheral blood 
lymphocytes 

peripheral blood monocytes 



0)23 



30 



•The reacUvity w..; ,uan« ^"^^"''^^^''2 
described a1»vc lie I^~"^lSS«to«b *ove . »t tteedKOd 
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within the variabflity of the assay. 

m Bpedfic bihdiig of HEW7,to inlgEW^^^^ 

inununoblottinganalyseiusii^thepla^^^ 

disrupted SKCW)07 cells. The Western tamtunpblotting was carried out as 

5 follows- 

Proteins in purified pdydonal Ihuman serum IgE (ftl Mg. Ventrex) and 
a plasm membrane fraction from SKOOW cells (25 |ig) were fractionated 
on 10% SDS-PAGE and electrobtotted onto nitrocellulose, m ffltex^ 
incubated with either peroxida^i^u^ted polyclonal goat anti-human e 
10 chainat2.5Mg/nd,orv™thH£l^at25^g/ml.fonowedb^ 

conjugated goat anti-mouse IgG. and TMB^with membrane enhancer 

substrate(enzymeconjugatedahttT,odiesant^^^^^^ 

Peny). M. W. Darken w«* ft*f* BloRad. 

„U.huaan I|;B (. a^flSf) Kv«l.d two b«.d. to the 
« of.bo«t8(H>.(M.W.);HHNJi^ct«iv^U.O,^ 

(Fig. 7). Tl,«er«dB biggest *at to plasma De,nb«n.prepar«io..»« 

^ ^ b, goa. and-hun^n . ^ HEM7 r««ed oo^r «iU. to 
torn of . ^* . .^r ».W. (»7U^) 

20 b«.„so i. conudns to «W i»^™<^»<^ «^ 

temuDoblotd., reacdon'of kEM7 ^fl. to spedlic pr«.ln to to 
«i»oa>lWo« DcoArane eovUd b. tahiblud'b, to peptide (S^ 
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„hnm, . of Fig. 7). ImnmM^ of ^cl^ ^ nnun^d^wed IgE. 
*o«.a no r^cSrfe-iria HEM7 (<»lo- H i"-^ 
„embr«» frtctfoos ftom . conBol cdl line (IM.9) IgG. 

HEhm .ISO d.«*ed «. d«enri« If It wo«ld ««« 
5 ftomp.riph«dln»»bloodb«opbIl^«hi=h«lb«-Uk«.fron.f».r 
tadMaoBU. Ead.«sa,wa5rm»d.«v»ious«»««.tfonsoflES.X7 
„^ (a «Ab sp«ffic for hun«m IgE tad«« '^•-■to. rd^ 
leukogw) .nd HEM7. Polycta^l »«ibodi« «, tan-nljE (which .bo 

10 posia-econuoL Goa.«.d-mou»W»-^«»»-' 

enhancer. 

n shown that HEM7 did not a«« histanJ* «l«5e in a mAb dose- 
aq«ndent hsbioa. teespoci™ of «h..h« the .nh»«« w« pr«..t 
„tt CONFIRMn^GtlUTUO^ „ EXISTS, W Wm *N» 

•n.epr«iic.=disofbnnncon..im52«ldidond«nino«ndsbe.we=nC.^ 
aad 15 »nino add segment bound HEM7. Monock»aI «kI 

poiydonal nobodies we» P«P««> «« 3< ^ 
„„esponding to re^dues « » 40 of .th. 52 »ni.o «ld segment Both in 
a, EUSA.nd„nimmunoblo.s.,si'«..ibodie.reac,w..hI,Ef™mcd.l,....s 

but no. with IgB f«m eeU culh^e sup«na..n,s. ^.ggesting .ha. isoform U 
.^oaceiisandisnotsecr^ed. Mor««er.oaimm<mob.o.s.*el5«nino 
add band recognized b, HENf7 co.migra.« with that recogni^d by the 
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Bcperimcntswere conductea TO 

u ,« oerioheial Wood lympliocytes. 
producedbybumanpenpb ^ ^.edicted e chain encoded by 

the mRNA wiui seweted IgE 

, oc ^ and the convenuonal e chain o 

containing one or two €a CD 

• • - «nW £ chains are IgEi- 
containmgodyecnain:* „,bE concentration was 

.J JUKI the atstttraniwN*'™'^ 
,^toa«*aoo^»**«»««r ^^^^^ 
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, .cment hybridized vnth thee, segment It also 
corresponding to an me2 segment hjrt>n 

. «.r«ssDonding to two segments denved 

hybridized with.two other bands, conespona g ^ . 

V -Kound £ Chain mRNA. Nudeottde 
fro„. two isofonns of mexnbrane-bound c duun ^ 

, J t^ese bands confirmed tms 

5 conclu^on. 

Zealand an aiiditowl 

SE44 cells, and to less extenVin that of SKOW ce 
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absent in the media of SP2/0 c^lb and of (iAGl-SM cells. 
. .. Since the vari^le ^"ni^ bea^ light chains^ the 

anUgen specificity of the chimeric IgE (e. .) se^eted by SE44 cells and of 
the chimeric IgG (yI. k) seaeted CAG1-5M cells are identical, the 
5 bindingofthee,chah.or.IgE,l«,mthe^^^^^ 

tothesoMpha.ew^ndtductq.thevariableregions. The c chain in the 
culture supernatant of SE44 celk did not btod to rabbit antibodies specific 

for an irrelevant anti^iL 

Tie p»ssi^ffil,tta»«ai«r «nJd««. with ««»*"^ ' *^ 

10 (desip^ud « •.. ch,in-) by «.tii, us bindtog « . 

„ U.. m^riKsne .nctaitagpepik^*? produ«d in £ aJi ".^ 

purified b, .ffini, cota-m. M?USA sh<med1h« -nAb EU^T^ wWcb 
^vrfU..,ch*«dmAbHE«7.wW*i.sp.cUicfo,0.e«ar.ceMar 

15 IS iL.. segment of .be me«%»« mcbor wlWe. ^ 

recon^inan. wbile «>d.En^ aid ~t Tbes. «ul.s indica» .ha. the 

Coplssmic segme-tt of ...,wWch is .ncod«i by *• ««» » «^ 
„dog . difterem reading fr^ae-isM. «actfv« «i.b «.U-E2X. ««i 0«. «» 
e chain in fl« «l.uresnp«««a«ofSE44 cells. mt^steacd^^ 

M EM>,™isno...possibVshedfr«n««>c^Pl"»"»"''°*'^- 

L IgE secreted by SB44 «m in.0 .b. Culture medim ^ rfBninr 



• PCr/US91/00491 

wo 91/11456 

54 

purified by a mAb. TES-61. which is pr«umed to be specific for CH 
domains of IgE. the purified IgE was gel electrophoresed wiA orwithout 
treatment of redudng agents, transblotted onto nitroceUulose filteis. and 
reacted with various antibodies to be studied. In the blots transferred from 

5 a nonredudng gel, both hoiseradish peroxidase^jugated goat anti-human 
IgE and anti-E2r stained a band of about 200 Kd. indicating that chain 
was present in IgE molecules and not as smgle diains. In addition, both in 
the reducing and nonredudng conditions, anti-E2T reacted with substances 
with M.W. at the higher end of those bands stained by goat anti-human IgE. 

10 F.qiiivalents 

Those skilled in tiie art wffl recognize, or be able to ascertain using no 
more tiian routine experimentation, many equivalents to the specific 
embodiments of tiie invention described herein. Such equbalents are 
intended to be encompassed by tiie foUowing claims. 

15 
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1. M antiT)ody preparation wlricb binds specific 

bound to the membrane of ^ cells but not to the secreted form of the 
immunoglobulin. 

5 2. An antibody preparation of Qaim 1. iriieiein the tammno^obulin is 
human IgE. 

3. An antibody preparation of Claim 1. which is monodonaL 

4. An antibody preparation which spedficaUy binds to an epitope formed 
at least in part by the membrane anchoring peptide of an 

10 immunoblobuliiL 

5. An antibody preparation of Claim 4. wherein the immmioglobulinfe 

human IgE. 

6. An antibody preparation of Oaun 4, y^erein the epitope is located on 
the ertraceUular aeginent of the membrane*omid domain of an 

15 immimoglobulin chain, 

7. Monoclonal antibody which binds to human IgE on the surface of B 

cells but does not bind to human IgE on the surface of basophils and 

does not bind to secreted, sdluble IgE. . 

8. Hie monoclonal antibody ^daun 7 whidi is a hmnan antibody or an 

20 antibody fragment ' 

9. A diimeric antibody whid: binds spedficaUy to human IgE on the 
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surface of Bs^lls. but does not bind to IgE on the sulfas of b^oph^ 

Mid does not bind to seaeted. soluble IgE. the antibody having a 
antigen binding region and a human hea^y chain constant 

region. 

5 10. A continuous, stable ceD line v^ch produces a monodonal antibody 
^ch binds to human IgE on the surface of F<ells but does not Wnd 

to human IgE on the surface of basophils and does not bind to 

secreted, soluble IgE. 
IL AceUlineofaaimlO,whichisahybridoma. 
10 12. Isolated DNA comprising functionally rearranged genes encoding the 
variable region of a Ught or heavy chain of an antibody which binds to 
IgE-bearing B cells but not to basophils or to secreted, soluble IgE. 
13. A DNA construct comprising the DNA of Claim 12 linked to DNA 

encoding a human light or heavy chain constant region. 
15 14. AmyelomacelltransfectedwitiitiieDNAconstructofaaiml3.which 

secretes a chimeric antibody. 
15. Monoclonal anti-idiotypic antibody specific for ti.e parotope of an 
antibody which bmds to IgE-bearing B cells but does not bind to 
basophils or to tiie secreted, soluble form of IgE 
20 16. An parotope^ecific anti-idiotypic antibody of aaim 15. which is a 

chimeric antibody having an antigen binding region of murine origin 
and a constant region of human origin. 
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17 Mantigenbindingfragmentoftheandndiotypicanu^^ 

. 18. Animmanototin co««,rUii^ a^t^ 

■ binds to IgE^produdngB cells but d«« not bind to basop 

secreted, soluble IgE. 
^ c,,^ <^ 

j,,,^^ diphtoHa P0k««.i >^ pep"*, 
ttte^aecon-s, nrfi03C««. incHJes. ««l»ert«» lytic 

„ b.«.pbiU or «. «cr«e4 »luble ^ «ad • '^'^ ^ 
.gent which bind! to a lector of . qftqloric cdL 

21. Abi^«iac™l«>J.ofadm20.whichis.*i-.p«ific»'ib^^ 

J2. A poi«i*> » co«^t*« «» 

15 ««„M»se8m».<<.hem»bra«^bo«iaom=unotlgEonU>. 

surface of B cells. 

23. A peptide of aaim 22. havtog the amirio acid sequence: 

Gln.Ua.Asp.VaI<:ysVaI01«.<3lu.Ala<3Iu<JV<H''Alal^ 

and modificatiot. Of th. p^tide .bich do not «,bstantially alter the 

20 immunological properties piereoL 

24. A monoclonal anUTH,dy or an antibody fragment reactive vdth the 

peptide of daim 23. 
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25. An e inununoglobulin meinbraiie anchoring peptide resulting from a 
mRNA spUdng other than Ae spUdng of the Ce4 exon, the eml exon, 

and the ein2 exon. 

26. A nudeotide fragment coding for the peptide of daim 25. " 

5 27. A peptide segment having the sequence: 

GlAGG"SAQSQilAPDRVLCHS<KWQGiPRAA<5GSVP- 

HPRCHCGAGR-ADWPGW and modifications of the peptide 

which do not substantially alter the immunological properties thereof. 

28. A peptide segment having this sequence: 

10 GAAVPLSHAA-GEAPDtPRLHORPPAi'RLGR- 

GHSRS-TRPSF-FSASA and modifications of the peptide which do 
not substantially alter the immunological properties thereot 

29. A nucleotide fragment coding for the peptide segments of daim 27 or 
28. 

15 30. A DNA fragment indnding the sequence: 

GGCTGGCTGGCGGCrcCGCXjCAGTXXCAGA- 
GGGCCCCGGATAGGGTGCTCTGCCACTCCG-GACAGCA 
GCA-GGGACTGCCGAGAGCAGCAGGAGGCTCTGTCCC 
CCAOOCC<X3CraCCACT<5TGGAGCCGG<}AGGGCrGAC- 

20 TCGCCAGGTCCCCXIAG and corresponding sequences which code 

for the same peptide. 
31. A DNA fragment induding the sequence: 
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GTGCAGOCKn'TXXrrCnXV^GC<:ACGC^ 
GGGAGGCCCCA<5ACarCCCrCGACrACACC.AAa5TCCT 

CC.AGCCCCACGC<rrAQGCCGCG<3GCACrCACG-CTCCA 

CCAGG CCCAGCTTTTTCTCTGCCAGCGCCTGA and 

5 corresponding sequent ^chcode for the saim. peptide. 

32. Monoclonal anu^odies to the peptides of claim 27 or 28. 

33. Tlie monodonal anUTx,dy of daim 32 «hich is human or chta^^ 

murine/human or an antibody fragment 
35. An anti-idiotypic antibody to Uie antibodies of daim 32. 
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Fig.2A 

CH4 domain • |me.2 exon 
Isoform I ~<iTA-AAT<XG<7 AG-CTG-GAC- 

:V N . P _ E L . D 

GTGTCC<jTG<jAG<jAG<5CC<jAG<}GC<jAG<jCXj-CCGTGG. 
VCV E E A E G E A PW 

ACGTGGACC<jGC<TG-TGCATCTrc<KX:<jCA-CrcTrC- 
T W T G L r T F A A. L F 

CTG<n'CAGC<jTGAGCTACAGC<jQC<3d:CCrCACG'CrC- 
T. T. S V S Y S A A L 1 L 

\me.2 exon 

CrC-ATG<jTG<:AGCGGTrC<n'Cax:A<jCCACGCGG'CAG- 

lmvqrf lsa t rq 

gggaggccccagacctcc-ctc-gactAcaccaac-gtc- 
g r p q t s l d y t n v 

crc-cagccc-cac<3cc-tag- 

L Q P H A ^- 
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Fia 2B 

^' CH4 domain . jmep segment 

..^tTAAAT-CCC-G GG-CTG-GCr- 
-IsQformH ^ir^ o L A . 



V N IP G L 

H C G A G K A 

CCA.G"-me.i segment-mfc2 exon 
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Fig. 2C 

CH4 domain \me.2' exon 
Isoform m • •GTA AATCGC<5 GT-GCA-GCG- 

V N P G A A 

GTr<:cr<n'CAGC<:AC<}CG<K:A<KK}<jAG<jGC<:CA<}AC- 
VPLSH AA G E A P D 

cTC<XT<:GA<TA<:AC<:AA<:GT<:GrceAGCC<x:A<xK:- 

L P R L H Q R P P A P R 

CrA-GCC<5CG-GGCCACTCACGC-TCC-ACC-AGG<XX-AGC- 
LA AGHS R ST RPS 

nT-TTC-TCr-GCC-AGC-GCC-TGA- 
F F S A S A * 
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Fig. 6A 
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Attachment to form PCT/ISA/216; Box VI: 

I. Claims 1-11, 15-1? and 24 drawri to monoclonal 
antibodies. hybridoitiaB, chimieric antibodies, anti-idiotypic 
antibodies, chimeric anti-idiotypic antibodies and iramunotoxins. 
Classes 530,435 and 424 subclasses (387 and 389), 240,27 and 
85.91. 

TI. Claims 12-14 drawn to isolated DNA constructs and a 
transfected myeloma. Classes 536 and 435, subclasses 27 and 
240.2, respectively. 

TIT. Claims 20 and 21 drawn to a biospecific molecule and 
bispecific antibody. Class 530, subclass 387. 

TV. Claims 25-27, 29/27, 30, 32/37 and 35 drawn to 

peptides, nucleotide and DNA fragments, and monoclonal, chimeric 

and anti-idiotypic antibodies. Classes 536 and 530, subclasses 

27 and (300 and 387) respectively. 

V. ClaiiiB 22,23 drawn to peptides. Class 530i subclass 30O. 

VT. Claims 28, 29/28/ 31, 32/28, 33/28 and 35 drawn to a 

peptide, nucleotide and DNA fragments monoclonal, chimeric and 

*j - 

anti-idiotypic antibodies. Classes 530 and 536, subclasses (387 
and 300) and 27, respectively. Group I is directed to a first 
set of separate and distinct products. Group II is directed to a 
second set of separate and distinct products. Group III is 
directed to a third separate and distlnpt product. Group IV is 
directed to a fourth separate and distinct product. Group V is 
drawn to a fifth set of separate and distinct {products. Group VI 
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is drawn to a sixth set of separate and distinct products. PCT 
Rules 13.1 and 13.2 do not provide for multiple distinct products 
Within a single general uruentiue concepts • 



